longed ventilation to compare the length of time required for weaning with pressure support vs unassisted breathing through an oxygen-delivery device connected to a tracheostomy collar. We also determined the 6-and 12-month survival of patients transferred to an LTACH for weaning from prolonged ventilation.
METHODS

Setting
The study was conducted in RML Specialty Hospital in Hinsdale, Illinois, a 90-bed free-standing LTACH in which 62% of beds are devoted to ventilator weaning (eAppendix, Methods, available at http://www.jama.com).
Patients
Consecutive patients with tracheotomy and transferred to RML Hospital for ventilator weaning were screened. Patients were eligible if they received mechanical ventilation for at least 21 days. Patients were excluded for the following reasons: cardiopulmonary instability, profound neurological deficits, bilateral phrenicnerve injury, previous admission to RML Hospital, and life expectancy of less than 3 months (eAppendix, Methods). The study was approved by the institutional review board of RML Hospital and written informed consent was obtained from patients or authorized surrogates.
Measurements at Study Enrollment
Physiological Variables. Ventilation was stopped and patients were allowed to breathe spontaneously for 1 minute while respiratory frequency and tidal volume were measured. 16, 17 Mechanical ventilation was reinstituted for measurements of resistance and compliance. [18] [19] [20] Maximal inspiratory pressure (P I max) was measured as previously described. 21, 22 Screening Procedure. After measuring physiological variables, patients underwent a screening procedure that consisted of unassisted breathing for 5 days (120 hours). During this procedure, humidified oxygen was delivered through a tracheostomy collar. Patients who did not develop distress (eTable 1) during the 5 days were considered to have been successfully weaned and were not randomized. Patients who developed respiratory distress during the 5-day period were considered to have failed the screening procedure and were eligible for randomization.
Randomization. Eligible patients were stratified into 2 groups based on time taken to fail the 5-day screening procedure: early-failure group (0-12 hours) or late-failure group (12-120 hours). Within each group, patients were further stratified into 1 of 4 categories according to underlying disease. 11 Within each category, patients were randomly assigned, using a block size of 4, to pressure support or tracheostomy collar use in a blinded fashion using opaque envelopes (eFigure).
Weaning Protocol
Tracheostomy Collar Group. Patients randomized to tracheostomy collar use were disconnected from the ventilator and allowed to breathe through the tracheostomy. During the first day, the patient was allowed to breathe unassisted for a maximum of 12 hours. The patient was then reconnected to the ventilator and assist-control ventilation was instituted for the next 12 hours. On the second day, the 12-hour tracheostomy collar challenge, followed by assist-control ventilation was repeated. On the third day, the 5-day process of discontinuing mechanical ventilation was commenced; after disconnection from the ventilator, the patient was allowed to breathe unassisted through the tracheostomy up to a maximum of 24 hours each day (eAppendix, Methods).
Pressure-Support Group. A patient's ability to tolerate a decrease in pressure support was assessed 3 times per day: 8 AM, 2 PM, and 8 PM (eAppendix, Methods). On the first day, the initial level of pressure support was titrated to achieve a total respiratory frequency of less than 30 When a patient was able to tolerate pressure support of less than 6 cm H 2 O for at least 12 hours, the 5-day process of ventilator discontinuation was commenced whereby the ventilator was disconnected and the patient allowed to breathe unassisted through the tracheostomy up to a maximum of 24 hours each day (eAppendix, Methods).
Outcome Measures
The primary outcome was weaning duration, defined from the first day of randomization to the day the patient was successfully weaned. Weaning was considered successful when patients breathed without ventilator assistance for at least 5 days (eAppendix, Methods). Weaning was determined as a failure when the patient was not successfully weaned by 45 days after randomization. The secondary outcome, mortality status at 6 and 12 months for the overall group (n = 500), was assessed using phone calls, home visits, and searches within the Social Security Death Index (eAppendix, Methods).
Statistical Analysis
Based on data from Scheinhorn et al 2 and pilot data, ventilator duration for successfully weaned patients was estimated to be 22 days. A 20% difference in time to wean between pressure support and tracheostomy collar use was considered clinically meaningful (eAppendix, Methods). 12, 14, 15 To detect a 20% difference between the 2 methods with a power of 0.80 and 2-tailed ␣ of .05, a sample of 316 patients was needed.
Data were analyzed with an intention-to-treat approach. Because wean-WEANING PATIENTS FROM PROLONGED MECHANICAL VENTILATION ing duration could not be calculated for patients who died or were withdrawn, such patients were right censored; time to study exit for this subgroup was calculated from the date a patient was randomized until the date the patient died or was withdrawn. Categorical variables were reported as percentages and continuous variables as medians and IQRs. Comparison of continuous variables between 2 subgroups was performed using the Mann-Whitney U test.
Comparison between categorical variables was performed using the 2 test. The proportion of patients remaining ventilator dependent was calculated using the Kaplan-Meier estimate. Comparison of weaning time between pressure support and tracheostomy collar was made using the log-rank test. 24 A Cox proportional hazards model was performed with and without adjusting for baseline characteristics (chosen a priori) that could influence weaning duration: weaning method, timing of screening failure (coded 0 for early failure [0-12 hours]; 1 for late failure [12-120 hours]), age, underlying cause of respiratory failure, ventilator duration before randomization, frequency to tidal volume ratio (f/V T ), maximal inspiratory pressure, resistance, and compliance. 11, 12, 16, 25, 26 The assumption that the proportional hazard would remain constant over time was tested by examining Schoenfeld residuals. Kaplan-Meier estimates were also used to assess survival at 6 and 12 months for the overall group; survival in pressure-support and tracheostomy collar groups was compared using the logrank test. SPSS statistical software was used for all statistical analyses except Cox regression analysis, which was performed with S-plus software (Version 6.1). P values were 2 sided and those of less than .05 were considered statistically significant.
RESULTS
There were 2267 patients screened between 2000 and 2010, of whom 500 were enrolled and 316 were randomized (FIGURE 1). Four patients (3 in pressure-support group, 1 in tracheostomy collar group) were withdrawn before initiating the weaning protocol and were excluded from analyses (eAppendix, Results).
Of 312 randomized patients who entered the weaning protocol, 56 in the tracheostomy collar group (35%; 95% CI, 27.6%-42.4%) and 62 in the pressure-support group (40.8%; 95% CI, 33.0%-48.6%) died or were withdrawn (P = .29; eAppendix, Results). Baseline characteristics in the 2 groups were equivalent (eTable 2). All 312 patients were included in the analysis (Figure 1 ). Patients enrolled in the 2 study groups were similar with respect to demographics, physiological variables, indication for ventilation, ventilator duration at randomization, and timing of randomization ( FIGURE 2 .
A Cox proportional hazards model was performed to determine the influence of weaning techniques on weaning duration (eAppendix, Results). Schoenfeld residual analysis revealed that the proportional effect of 2 covariates, timing of screening failure and weaning method, on weaning duration was not constant over time. Separate Cox models were performed for the early-failure and late-failure groups using the same covariates that were included in the original model. The assumption of proportional hazards was tested for both models and was upheld. For the early-failure group, 4 covariates were associated with weaning duration: age (HR, 0.982; 95% CI, 0.968-0.995; P Ͻ .01), ventilator duration before randomization (HR, 0.976; 95% CI, 0.961-0.99; P Ͻ .01), frequency to tidal volume ratio (HR, 0.997; 95% CI, 0.995-0.999; P Ͻ .02), and maximal inspiratory pressure (HR, 1.016; 95% CI, 1.003-1.029; P Ͻ .02; eTable 4). For the late-failure group, weaning method was the only covariate that was associated with weaning duration (P=.005); the HR adjusted for baseline covariates for rate of successful weaning was higher with tracheostomy collar use than with pressure support (HR, 3.33; 95% CI, 1.44-7.77; eTable 5).
Forthelate-failuregroup,timetowean was 2.2 times longer in the pressuresupport group than in the tracheostomy collar group: 20 days (IQR, 10-31) vs 9 days (IQR, 7-19), P=.008 (FIGURE 3A) . More patients were weaned in the tracheostomy collar group than in the pressure-supportgroup(71.0%vs38.5%; P=.01); but survival was similar in the 2 groups. In the early-failure group, time to wean was not significantly longer in the pressure-support group than in the tracheostomy collar group: 19 days (IQR, 12-31) vs 16 days (9-30), P=.058 ( Figure 3B) ; and the percentage of successfully weaned patients and survival were similar in the 2 groups (eAppendix, Results).
Adverse Events
Frequency of adverse events (new episode of pneumonia, arrhythmias, pneumothorax) was similar in the 2 groups (eAppendix, Results).
Long-term Mortality
Mortality was equivalent in the pressure-support and tracheostomy collar 
COMMENT
This study has 3 major findings. First, tracheostomy collar use resulted in earlier weaning than did pressure support in patients who required prolonged mechanical ventilation. Second, the influence of weaning method on rate of successful weaning was related to time taken to fail the screening procedure: weaning was faster with tracheostomy collar use than with pressure support in the late-failure group but not in the early-failure group. Third, mortality was equivalent in the pressure-support and tracheostomy collar groups at 6 and 12 months.
Critique of Methods
When this study was began, there was no consensus on how best to define weaning success among patients requiring prolonged ventilation. Based on pilot studies, we concluded that ability to sustain 5 days of unassisted breathing constituted a pragmatic definition of weaning success. Subsequently, consensus conference panelists 27 defined successful weaning as breathing unassisted for 7 days. The data were reanalyzed using the 7-day criterion standard. Outcomes were equivalent for both the 7-day and 5-day criteria (eAppendix, Results). Because fewer than 10% of patients in this study required reconnection to the ventilator following successful weaning (Table 2 ), 5 days of unassisted breathing appears to be a robust definition of weaning success in patients who require prolonged ventilation.
It is unlikely that the slower rate of weaning with pressure support resulted from the manner in which it was adjusted. The algorithm for weaning with pressure support was similar to that used by Brochard et al, 11 who concluded that pressure support was the best weaning method in ICU patients. Moreover, the start of the 5-day process of ventilator discontinuation occurred when a patient could tolerate 12 hours of unassisted breathing for 2 days in the tracheostomy collar group or pressure support of 6 cm H 2 O for 12 hours in the pressure-support group. As such, patients in the tracheostomy collar group who performed at the fastest possible pace would have taken WEANING PATIENTS FROM PROLONGED MECHANICAL VENTILATION 1 day longer to start the 5-day process of ventilator discontinuation than patients who performed at the fastest possible pace in the pressure-support group. This inequality is not simply theoretical. In reality, 5% of patients in the tracheostomy collar group tolerated 12 hours of unassisted breathing on the first 2 days after randomization. It is likely that these patients could have started the 5-day process of ventilator discontinuation a day earlier.
Pace of Weaning
The faster pace of weaning with tracheostomy collar use may be related to its effect on clinical decision making. 28 During a tracheostomy collar challenge, the amount of respiratory effort is determined solely by the patient. As such, observing a patient breathing through a tracheostomy collar provides the clinician with a clear view of the patient's respiratory capabilities. In contrast, a clinician's ability to judge weanability during pressure support is clouded because the patient is receiving ventilator assistance. 23, [29] [30] [31] [32] Accordingly, clinicians may accelerate the weaning process more in patients who perform unexpectedly well during a tracheostomy collar challenge than in patients for whom a low level of pressure support is being used. 28 This notion is borne out by the data, which showed that the superiority of tracheostomy collar use over pressure support was evident within the first 10 days (Figure 2 ). Another contributor to slower weaning with pressure support may have been the predisposition to sleep fragmentation with this mode, which can cause cardiopulmonary abnormalities. 33 The superior performance of tracheostomy collar use was observed in the late-but not in the early-failure group. Patients who failed the screening procedure within 12 hours (early-failure group) had less endurance and were sicker than patients who took as many as 5 days to fail screening (late-failure group). Accordingly, severity of illness in the early-failure group may have had a greater influence on weaning outcome than did weaning method. Indeed, Cox analysis of the early-failure group showed that weaning time was determined by patient-related factors (age, ventilator duration before randomization, frequency to tidal volume ratio, and maximal inspiratory pressure), and not by weaning method (eTable 4). Because patients in the latefailure group were less sick, the weaning method had a greater likelihood of influencing weaning duration than had the effect of disease. This notion was supported by the Cox model, which showed that the main determinant of weaning duration in the late-failure group was the weaning method: tracheostomy collar achieved successful weaning 3.3 times faster than did pressure support (eTable 5).
Screening Pass Rate
Of 500 enrolled patients, 160 (32%) passed the initial tracheostomy collar challenge. This finding suggests that many patients transferred to the LTACH could have been weaned at the home ICU. One reason that may account for underrecognition of the weanability of such patients is physician mindset. 30 To initiate the steps required for transfer, a physician determines that weaning is not immediately imminent. While awaiting execution of the transfer (which may take 1 or 2 weeks), ICU physicians become less aggressive in the pursuit of ventilator disconnection.
Long-term Mortality
The mortality rate (55%) in our study is lower than that (69%) observed by Kahn et al, 8 who retrospectively analyzed Medicare files of 11 695 ventilated patients transferred from ICUs to LTACHs. Although direct comparisons are not possible because of the lack of severity-of-illness scores in the Medicare data set, patients in this trial may have been less sick than in the national sample. Of note, the Medicare analysis 8 included all patients transferred to LTACHs whereas certain patients were excluded in the present study (Figure 1 ).
Study Limitations
The nature of weaning techniques made it impossible to mask treatment assignment from clinical staff and research personnel after randomization. To minimize subjectivity on the part of staff, rigid criteria for weaning were used in each study group. After data collection, the 2 groups were coded so that investigators analyzing the data were blinded to the randomized assignment. The study was confined to a single center, which could limit generalizability (external validity) of our findings. A prerequisite for generalizability, however, is sound internal validity. 34 The major obstacle to internal validity is systematic error, which can be more carefully controlled in a single center where selection and patient care is uniform. The study took 10 years to complete. To determine whether the passage of time influenced study outcome, Cox analysis was undertaken with date of randomization of each patient as a covariate. The time covariate was not significant in any of the models (eAppendix, Results). Our study was conducted among patients requiring prolonged mechanical ventilation who received care at a LTACH; the findings do not permit simple extrapolation to patients receiving prolonged ventilation in an ICU.
In conclusion, the time to wean from prolonged ventilation in patients transferred to a LTACH was influenced by the weaning method used: tracheostomy collar use resulted in earlier weaning than did pressure support.
